Introduction {#sec1-1}
============

Neonatal sepsis is a clinical syndrome that involves systemic signs and symptoms related to infection and growth of a specific causative agent in blood culture in the first month of life. Despite advances in the area of neonatology, neonatal infections are still an important cause of morbidity and mortality. Absence of specific findings related to sepsis and the fact that non-infectious clinical conditions in the neonatal period are manifested with similar findings make early diagnosis and initiation of treatment difficult.

The diagnosis of sepsis is made by evaluating associated clinical and laboratory findings. There is no perfect diagnostic marker. Infants with sepsis should be rapidly diagnosed and unnecessary treatment should be prevented in infants who do not have sepsis.

The objective of this guideline is to establish a common and standard opinion and care unity based on current and evidence-based medical scientific data in relation to the diagnosis, treatment, short- and long-term follow-up, and prevention for neonatal sepsis in Turkey.

General information {#sec1-2}
===================

Epidemiology of neonatal sepsis in Turkey and in the world {#sec1-3}
==========================================================

The incidence of neonatal sepsis has been reported as 1-8.1 per 1000 live births; the incidence is lower in developed countries ([@ref1]). The incidence of early-onset sepsis has been reported as 0.57% in infants weighing more than 2500 g and 10.96% between 401 g and 1500 g ([@ref2]). The incidence of late-onset sepsis has been reported as 51.2% in infants weighing between 501 g and 750 g, 15-25% in infants below 1500 g, and 1.6% in those weighing over 2500 g ([@ref3]).

In our country, the incidence of late-onset sepsis has been reported as 6.4-14.1% and the mortality rate has been reported to range between 0% and 75% ([@ref4], [@ref5]). The mortality rate has declined from 30-40% to 5-10% in recent years ([@ref6]). In preterm infants, mortality may increase to higher rates.

Definitions {#sec1-4}
===========

**Proven sepsis**: Patients in whom clinical and laboratory findings are compatible with sepsis and the causative agent has been shown.

**Clinical sepsis**: Patients in whom clinical and laboratory findings are compatible with sepsis, but a causative agent has not been shown.

**Suspicious sepsis**: Presence of risk factors in a infant (whether a clinical sign is present or not) or observation of findings suggesting sepsis in the follow-up.

**Early-onset sepsis**: Sepsis detected in the first three days of life (\<72 hours).

**Late-onset sepsis**: Sepsis diagnosed on the 4^th^-30^th^ day of life.

**Very late-onset sepsis**: Sepsis diagnosed in the time period between the 30^th^ day and the day of discharge.

Risk factors for neonatal sepsis {#sec1-5}
================================

The frequency of sepsis in preterm infants is 3-10-fold higher in preterm infants compared with term infants. In the presence of premature rupture of membranes (PROM) (≥18 hours) and chorioamnionitis, the risk of early-onset sepsis is 1-3% (a 10-fold increase) ([@ref7]). The rectal, vaginal group B streptococcus (GBS) colonization rate has been reported as 15-40% in mothers in the United States of America (USA), and it was found as 2-10.6% in our country ([@ref8]).

Fetal distress, low APGAR score and resuscitation, and multiple pregnancy increase the risk of early-onset sepsis; invasive interventions including frequent blood sampling, intubation, mechanical ventilation and placement of catheter/probe, insufficient breastmilk, long-term parenteral nutrition, reduction in gastric acidity, and need for surgical intervention in particular increase the risk of late-onset sepsis.

Causative agent microorganisms {#sec1-6}
==============================

The most common agents in early-onset sepsis include GBS and *Escherichia coli* (*E. coli*). GBS is the causative agent in 43-58% of cases and *E. coli* is the causative agent in 18-29% ([@ref9]). *Listeria monocytogenes* (*L. monocytogenes*), other Gram-negative bacilli, and staphylococci are found as causative agents with a lower frequency. GBS is found more commonly in term infants (73%) and *E. coli* is found more commonly in preterm infants (81%) ([@ref2]). In the USA, the frequency of GBS decreased after routine screening and intrapartum antibiotic prophylaxis was initiated. Some studies reported an increase in the frequency of *E. coli*, especially in very-low-birth-weight (VLBW) infants ([@ref10]).

In late-onset sepsis, coagulase-negative staphylococci (CNS) including mainly *Staphylococcus epidermidis* (*S. epidermidis*) are observed most commonly with a rate of 53.2-77.9% in developed countries. On the other hand, there are also countries and clinics in which Gram-negative bacilli including *E. coli*, Klebsiella, and pseudomonas species are in the forefront ([@ref3]). *Staphylococcus aureus* (*S. aureus*) and candida species are among the other agents.

Clinical findings in neonatal sepsis {#sec1-7}
====================================

In early-onset sepsis, signs and symptoms occur in the first 24 hours in most infants and in the first 48 hours in almost all of cases (90%). Multiple organs or systems are generally involved in early-onset sepsis, whereas multisystem involvement or single focus involvement (pneumonia, arthritis, osteomyelitis) may be observed in late-onset sepsis ([@ref11]) ([Table 1](#T1){ref-type="table"}).

###### 

Characteristics of neonatal sepsis

                                      Early-onset neonatal sepsis The first three days of life   Late-onset neonatal sepsis 4^th^-30^th^ day                  Very late-onset neonatal sepsis
  ----------------------------------- ---------------------------------------------------------- ------------------------------------------------------------ ---------------------------------
  Risk factors                        Frequently present                                         Generally absent                                             Variable
  Mode of transmission                Vertical, generally through the maternal genital canal     Vertical or from the environment postnatally                 From the environment
  Clinical characteristics            Fulminant course, multiorgan involvement                   Insidious or acute, Focal infection Meningitis is frequent   Insidious
  Mortality                           5-20%                                                      5%                                                           Low
  Causative Agents                    GBS                                                        Coagulase negative                                           Coagulase negative
  *E. Coli*                           staphylococci                                              staphylococci                                                
  Viridans streptococci Enterococci   *S. Aureus,*                                               *S. Aureus*                                                  
  Coagulase negative staphylococci    *Candida*                                                  *Candida*                                                    
  *S. Aureus*                         *E. Coli*                                                  *E. Coli*                                                    
  *Haemophilus influenza*             Enterococci                                                *Klebsiella*                                                 
  *Listeria monocytogenes*            *Klebsiella*                                               *Pseudomonas*                                                
  *Klebsiella*                        *Pseudomonas*                                                                                                           
                                      GBS                                                                                                                     
                                      *L. Monocytogenes*                                                                                                      

GBS: group B streptococci

In neonatal sepsis, system findings include apnea, groaning, increased respiratory rate, nasal flaring, retractions and cyanosis in the respiratory system; tachycardia or bradycardia, hypotension, peripheral circulation disorder and prolongation in capillary filling time in the circulatory system; feeding intolerance, vomiting, distension, diarrhea, jaundice, hepatomegaly and necrotizing enterocolitis (NEC) in the gastrointestinal system; petechia, purpura, jaundice, and bleeding in the hematologic system; pustules, abscess, omphalitis, cutis marmaratus and sclerema in the cutaneous system; and restlessness, inability to suck, hypoactivity, tendency to sleep, decreased tonus, seizure, and temperature irregularity in the central nervous system.

In the differential diagnosis, problems should be considered that are specific for the neonatal period including transient tachypnea of the newborn, apnea, meconium aspiration, aspiration pneumonia, respiratory distress syndrome (RDS), patent ductus arteriosus, NEC, hypoxic ischemic encephalopathy, intraventricular hemorrhage, congenital heart diseases, metabolic problems including hypoglycemia and hypocalcemia, and congenital metabolic diseases.

Laboratory findings in neonatal sepsis {#sec1-8}
======================================

Growth of the etiologic agent in blood culture is the gold standard for the diagnosis of sepsis. Studies are being conducted to find methods that could make the diagnosis of sepsis in a few hours, but tests with high sensitivity and specificity have not yet been found. Use of multiple tests in association is helpful in the diagnosis.

**Blood culture**: Most positive blood cultures (90%) are detected within the first 48 hours ([@ref11]). The sensitivity of blood culture is 50-80%. A positive blood culture is diagnostic, but a negative blood culture does not exclude sepsis. The risk of contamination is high if blood culture is not obtained under appropriate conditions. A negative blood culture may be related with an insufficient amount of blood (1 mL), initiation of antibiotic before obtaining culture samples, maternal antibiotic use, low bacterial concentration in blood, and intermittent and short-term bacteremia.

**Cerebrospinal fluid culture**: Lumbar puncture (LP) should be performed in all infants in whom antibiotic treatment has been initiated because of symptoms of sepsis before treatment, in infants in whom a positive blood culture result has been obtained and LP has not been performed before, and in infants who do not respond to antibiotic treatment ([@ref12]). LP is not recommended for infants in whom antibiotic treatment has been initiated postnatally because of risk factors, but symptoms of sepsis are absent, for infants whose general states are not appropriate for LP, and for infants who have thrombocytopenia, disrupted skin integrity on the area where LP would be performed or a meningomyelocele sac.

**Urine culture**: Routine urine culture is not recommended because the rate of urine culture positivity is low in infants with early-onset sepsis. In late-onset sepsis, a urine sample should be obtained by way of urethral catheterization or suprapubic bladder aspiration because the urinary system is observed as a source more commonly ([@ref13]).

**Tracheal aspirate culture**: Tracheal aspirate culture should be obtained in patients in whom ventilator-related pneumonia is considered or when there is change in the amount and characteristics of secretion. It may be difficult to differentiate colonization and infection. Its diagnostic value is low ([@ref1]).

**White blood cell count**: The positive predictive value of white blood cell counts for sepsis is very low. It is in the normal range in 50% of proven sepsis cases ([@ref12]). Maternal fever, hypertension and preeclampsia, mode of delivery, perinatal asphyxia, meconium aspiration, intraventricular hemorrhage, pneumothorax, hemolytic disease, reticulocytosis, seizure, and even prolonged crying may lead to a change in leucocyte and neutrophil counts. It is between 6000 and 30,000/mm^3^ in the first 24 hours and subsequently, it is between 5000 and 20, 000/mm^3^. Presence of neutropenia is more valuable compared with neutrophilia. [Table 2](#T2){ref-type="table"} shows variance in the neutrophil count by gestational age and postnatal age ([@ref14]). The ratio of immature neutrophil count to the total neutrophil count (I/T) is the most sensitive marker for neonatal sepsis. In particular, the negative predictive value of the I/T ratio is high. Its normal value is 0.16 at birth, wheras it is reduced to 0.12 at the 60^th^ hour; a value of ≥0.2 is significant for sepsis ([@ref14]).

###### 

Neutrophil count by gestational week and postnatal age

                 Lower limit at delivery   Lower limit at peak
  -------------- ------------------------- -----------------------------
  \>36 weeks     3500/mm^3^                (after 8 hours) 7500/mm^3^
  28--36 weeks   1000/mm^3^                (after 6 hours) 3500/mm^3^
  \<28 weeks     500/mm^3^                 (after 24 hours) 1500/mm^3^

**Platelet count**: A low platelet count is a late nonspecific marker for sepsis. The platelet count is below 100.000/mm^3^ in 50% of infants with bacterial infections ([@ref15]).

**C-reactive protein (CRP)**: CRP reaches measurable levels 4-18 hours after onset of infection and peaks between the 8-60^th^ hour. Its serum half-life is 24-48 hours. As a response to treatment, it reduces to normal in 5-10 days and is used in the evaluation of treatment response. Its normal concentration in newborns is below 1 mg/dL. It may be influenced by different conditions including maternal fever, PROM, difficult labor, perinatal asphyxia, past surgery and use of steroids. This should be considered. A CRP increase detected with measurements performed with 12-24 hour intervals is helpful in the diagnosis of infection ([@ref16]). The negative predictive value of normal values for early sepsis is 99.7%. If serial CRP values are negative, the diagnosis of sepsis is excluded.

**Procalcitonin (PCT)**: PCT reaches its peak value at the postnatal 24^th^ hour (about 1.5-2.5 ng/mL) and reduces below 0.5 ng/mL at the postnatal 48-72^nd^ hour. Following exposure to endotoxin, it starts to increase in 2-4 hours, peaks at the 6-8^th^ hour, and keeps this level for at least for 24 hours. A PCT level above 2-2.5 ng/mL after the 72^nd^ hour suggests infection ([@ref17]). The fact that it increases in the postnatal period and in conditions including preeclampsia, chorioamnionitis, birth asphyxia, intracranial hemorrhage, and hypoxia limits its diagnostic use.

**Interleukin-6 (IL-6)**: Following exposure to bacterial elements, IL-6 rapidly increases before CRP and rapidly returns to normal again (generally in 24 hours) as the inflammatory response decreases with the initiation of antibiotic treatment. It has a high negative predictive value. Its threshold value has been reported to range between 10 and 500 pg/mL. [Figure 1](#F1){ref-type="fig"} shows temporal variations in IL-6-8, CRP, PCT, and cell-surface marker CD64 ([@ref18]).

![Temporal variations in IL-6, IL-8, CRP, PCT and nCD64 from the beginning of sepsis\
CRP: C-reactive protein; PCT: procalcitonin](TPA-53-88-g001){#F1}

There are scoring systems that use information related to frequency, gestational week, PROM, and intrapartum antibiotic administration for the prediction of early-onset sepsis ([@ref19]). Scoring systems including Töllner, and the European Medicines Agency (EMA, [Table 3](#T3){ref-type="table"}) in which clinical and laboratory findings are used in association are helpful for the diagnosis. The presence of leukopenia, neutropenia, a I/T neutrophil value of \>0.2, a CRP value of \>1.0 mg/dL, a PCT value of \>2 ng/mL, and a platelet count of \<100,000/mm^3^ in a infant is significant for the diagnosis of sepsis.

###### 

EMA sepsis scoring

  EMA sepsis scoring                                                                                                                                                                                                              
  ------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------- ------------------- ---------------------
  Clinical findings                                                                                                                                                                                                               
  Body temperature: 38.5°C or lower than 36°C or temperature irregularity                                                               Respiratory: apnea, tachypnea increased oxygen and ventilation need                       
  Cardiovascular:                                                                                                                       Bradycardia, tachycardia or rhythm irregularity                       Gastrointestinal:   Feeding intolerance
  Urine 1 mL/kg/hour                                                                                                                    Poor sucking                                                                              
  Hypotension                                                                                                                           Abdominal distension                                                                      
  Impaired peripheral perfusion                                                                                                                                                                                                   
  Skin and subcutaneous lesions:                                                                                                        Petechiae                                                             Nonspecific:        Irritability
  Sclerema                                                                                                                              Lethargy                                                                                  
                                                                                                                                        Hypotonicity                                                                              
  Laboratory findings                                                                                                                                                                                                             
  Leukocyte count: \<4000/ mm^3^ or \>20,000/ mm^3^                                                                                                                                                                               
  Immature/total neutrophil ratio: ≥0.2                                                                                                                                                                                           
  Platelet count: \<100,000/ mm3                                                                                                                                                                                                  
  CRP \>15 mg/L (1.5 mg/dL) or procalcitonin ≥2 ng/mL                                                                                                                                                                             
  Blood glucose monitoring (at least two times):                                                                                                                                                                                  
  Hyperglycemia (\>180 mg/dL or 10 mMol/L) or                                                                                                                                                                                     
  Hypoglycemia (\<45 mg/dL or 2.5 mMol/L)                                                                                                                                                                                         
  Metabolic acidosis: Base excess \>10 mEq/L or serum lactate \>2 mMol/L                                                                                                                                                          
  Positivity in at least two of six clinical categories and in at least two of 6 laboratory categories is considered clinical sepsis.                                                                                             
  May be used up to the postnatal 44^th^ week.                                                                                                                                                                                    
  *European Medicines Agency (EMA), Report on the Expert Meeting on Neonatal and Pediatric Sepsis, 2010*                                                                                                                          

RECOMMENDATIONS

In a newborn evaluated with suspicion of sepsis because of present signs and symptoms, complete blood count, CRP, blood culture should be requested, LP should be performed, lung radiography should be obtained if there is respiratory problem, and treatment should be initiated ([Figure 2](#F2){ref-type="fig"}).

![Approach to a infant with clinical signs for sepsis (for early or late sepsis)\
CSF: cerebrospinal fluid; CRP: C-reactive protein; LP: lumbar puncture](TPA-53-88-g002){#F2}

Diagnostic and therapeutic approaches according to the presence of chorioamnionitis, which is one of the main risk factors for sepsis, intrapartum antibiotic prophylaxis for GBS, prematurity and PROM are shown in [Figure 3](#F3){ref-type="fig"}. The possibility of sepsis is low if the leucocyte count, neutrophil count, I/T ratio, LP, CRP, and PCT are found to be normal, signs and symptoms suggesting sepsis regress in 24 hours, repeated acute phase reactants are negative or a non-infectious condition that explains the present signs and symptoms is detected, and cultures remain negative in a infant in whom antibiotic treatment has been initiated. Antibiotic treatment is terminated at the end of 48 hours in such infants. Antibiotic treatment should be continued for up to 7-10 days if the laboratory findings and clinical course are compatible with sepsis, and up to 14-21 days if meningitis is present ([Figure 4](#F4){ref-type="fig"}).

![Approach to a asymptomatic infant with risk factors for early sepsis\
CRP: C-reactive protein; PROM: premature rupture of membranes; PS: peripheral smear](TPA-53-88-g003){#F3}

![Follow-up of the asymptomatic infant with risk factors for sepsis in whom antibiotic treatment has been initiated](TPA-53-88-g004){#F4}

Treatment {#sec1-9}
=========

Antibiotic treatment in early sepsis {#sec1-10}
====================================

In empiric treatment, ampicillin or penicillin G and an aminoglycoside (primarily gentamicin) should be used. Cefotaxime should not be used in empiric treatment because development of resistance occurs very rapidly and it has no effect on L. monocytogenes and enterococci. If meningitis is present or possible, a combination of ampicillin plus cefotaxime should be preferred because higher bactericidal serum and cerebrospinal fluid (CSF) concentrations can be obtained with cefotaxime.

Treatment response is monitored by the infants state and laboratory tests. Improvement of the signs and symptoms in 24-48 hours following the initiation of treatment and returning of the white cell count, I/T ratio, and CRP level to normal in 48-72 hours indicate appropriate response. Treatment of clinical sepsis is continued for 7-10 days, and treatment of proven sepsis is continued for 10 days.

**RECOMMENDATIONS**

In early sepsis, ampicillin/penicillin G and gentamycin should be used in empiric treatment. Use of cephalosporin should be avoided in empiric treatment. Ampicillin and cefotaxime treatment is recommended if meningitis is present or possible. Treatment of clinical sepsis is continued for 7-10 days, and treatment of proven sepsis is continued for 10 days.

Antibiotic treatment in late sepsis {#sec1-11}
===================================

In the treatment of community-acquired late-onset sepsis, treatment with ampicillin and gentamycin or third-generation cephalosporin (e.g. cefotaxime) for 7-10 days is appropriate. Empiric treatment for nosocomial late-onset sepsis should be adjusted according to the pathogens observed more commonly in units and antibiotic sensitivity results. Gentamycin (or amikacin)/third-generation cephalosporin (e.g. cefotaxime, ceftazidime) should be initiated in association with vancomycin. The treatment period is 10-14 days. In the treatment of multi-resistant Gram-negative sepsis, ceftazidime, piperacillin-tazobactam or carbapenem should be used in accompaniment of an aminoglycoside (generally amikacin) according to the antibiogram. Amphotericin B is the first-line option in the treatment of fungal infections. Linezolid may be used in the treatment of vancomycin-resistant Gram-positive microorganisms, which have been observed more commonly in recent years, and colistin may be used in treatment of carbapenem-resistant Gram-negative microorganisms including Acinetobacter baumanni and enterobacter species ([@ref20]).

Improvement of signs and symptoms in 24-48 hours following the initiation of treatment and returning of the white cell count, I/T ratio, CRP, and PCT levels to normal in 48-72 hours indicate appropriate response in both early-onset and late-onset sepsis.

**RECOMMENDATIONS**

In the treatment of community-acquired late-onset sepsis, treatment with ampicillin and gentamycin or third-generation cephalosporin (e.g. cefotaxime) for 7-10 days is appropriate. If meningitis is present, it is recommended that cefotaxime should be added to ampicillin and gentamycin.

In nosocomial late-onset neonatal sepsis, unit characteristics should be considered. Treatment with gentamycin (or amikacin) in accompaniment of vancomycin should be initiated or third-generation cephalosporin (cefotaxime, ceftazidime) in accompaniment of vancomycin should be initiated if Gram-negative sepsis is suspected or if there is a fulminant course. The treatment period is 10-14 days in late-onset neonatal sepsis.

Neonatal meningitis {#sec1-12}
===================

Clinical findings and diagnosis {#sec1-13}
===============================

In developed countries, the incidence of culture-confirmed meningitis has been reported to be 0.25 per 1000 live births and mortality has been reported to be 10-15% ([@ref21]). In preterm infants, mortality is increased 2-fold. GBS and E. Coli are the causative agents in 70% of cases of meningitis detected in the first 72 hours. The other causative agents include Gram-negative bacilli, L. monocytogenes and enterococci. KNS, S. aureus, *E. coli*, and Klebsiella species are found in cases of late-onset meningitis, especially in VLBW infants ([@ref22]).

In the presence of nonspecific findings including absence of sucking, hypoactivity, lethargy, apnea, seizure, bulging fontanel, vomiting, respiratory distress and body temperature changes, meningitis should be excluded because it leads to a high rate of mortality and sequelae and accompanies sepsis with a rate of 20-25%. Blood culture is negative in 15-38% of infants with meningitis ([@ref21]).

CSF values in the neonatal period are different compared with infants and children. CSF laboratory characteristics in neonatal meningitis are as follows:

Increase in the white cell count (20-30 cells/mm^3^, sensitivity and specificity 80%); this increase is greater in Gram-negative meningitis.Increase in protein concentration (150 mg/dL in preterms, 100 mg/dL in term infants) ([@ref23]). High values are also found in parameningeal infections, congenital infections, and following intracranial hemorrhage.Decreased glucose concentration (\<20 mg/dL in preterms, \<30 mg/dL in term infants or less than 70-80% of the simultaneous blood glucose value)

The frequency of traumatic lumbar puncture ranges between 13.8% and 39.5%. Pleocytosis may be evaluated through comparison with the leukocyte/erythrocyte ratio on complete blood cell count. Different formulas are currently used; a leukocyte/erythrocyte ratio of \>1:100 indicates pleocytosis. One thousand erythrocytes in 1 µL increases CSF protein by 1 mg/dL; the glucose concentration does not change. LP may be repeated after 24-48 hours. Following treatment initiation, culture is expected to become negative after 48 hours in Gram-positive meningitis, and after 72 hours in Gram-negative meningitis ([@ref24]).

**Ventriculitis**: If infection in the CSF still persists and clinical improvement does not occur or deterioration is present despite a reduced CSF cell count, and even CSF is sterile on the fourth day, ventricular inflammation should be suspected.

Treatment and prognosis {#sec1-14}
=======================

In early and late neonatal meningitis, cefotaxime in association with ampicillin or cefotaxime in association with vancomycin may be used empirically; an aminoglycoside may also be added to this treatment. Meropenem should be used if multiresistance is present for Gram-negative bacilli. The treatment period is 14 days if the causative agent is Gram-positive, 21 days if the causative agent is Gram-negative bacilli, or 14 days after a negative culture (whichever is longer). In ventriculitis and brain abscess, treatment should be completed to 6-8 weeks. The benefit of steroids as assistive treatment has not been shown.

Intrathecal-intraventricular treatment; intrathecal-intraventricular gentamycin treatment may be administered if Gram-negative bacilli persist despite sufficient bactericidal levels in the CSF. A difference in mortality and morbidity could not be found in patients who received intrathecal-intraventricular treatment in addition to parenteral treatment.

Mild deficits are found in 21-38% of surviving infants and severe neurologic sequelae (hearing deficit, mental retardation, seizures) and hydrocephaly are found in 24-29%. The predictive value of prolonged seizures, coma, use of inotropic agents, and leukopenia is high in terms of mortality and severe sequelae at the age of one year ([@ref25]).

Neonatal pneumonia {#sec1-15}
==================

PROM, maternal chorioamnionitis, prematurity, fetal tachycardia, and maternal intrapartum fever are risk factors for early-onset pneumonia; mechanical ventilation, anomaly of the airway, prolonged hospitalization, and aspiration of gastric content are risk factors for late-onset pneumonia. In developed countries, the most important causative agent of early-onset pneumonia is GBS and other symptoms of infection are added to respiratory distress that starts immediately after delivery. Group B streptococcal pneumonia causes an RDS-like appearance on lung radiography. Other causative agents include E. Coli, S. Aureus, S. pneumoniae, and Klebsiella species. In addition, herpes simplex virus and candida species may cause pneumonia ([@ref26]).

In late-onset neonatal pneumonia, increased need for oxygen and ventilator adjustment, increased tracheal secretion or purulent tracheal secretion and newly-developed findings on lung radiography may be found in addition to nonspecific findings. Gram-negative bacilli, viral infections, and candida species may be causative agents in addition to S. Aureus, S. pneumoniae and S. Pyogenes ([@ref27]).

Gram staining of tracheal aspirate, culture and lung radiography may be helpful in the diagnosis. A consolidated area in which air bronchograms are present on lung radiography is diagnostic. However, irregular patchy infiltrations or rarely, a normal appearance may also be found. Presence of pleural effusion is important in the differential diagnosis of early-onset pneumonia from RDS.

In treatment, an aminoglycoside or cefotaxime in association with ampicillin in the first seven days of life is appropriate. If pneumonia develops during hospitalization, an aminoglycoside or third-generation cephalosporin (cefotaxime, ceftazidime) in association with vancomycin should be used considering the characteristics of the unit. The treatment period is 10-14 days.

Neonatal urinary tract infection {#sec1-16}
================================

The incidence of symptomatic urinary tract infection (UTI) is approximately 1%. Symptoms are generally nonspecific findings including fever, poor feeding, jaundice, vomiting, poor growth, heat instability, and lethargy. It occurs more commonly in boys. The most common causative agent is *E. coli* and other Gram-negative bacteria including Klebsiella, Enterobacter, and Candida species are also commonly observed ([@ref28]). Routine urine culture is not recommended for newborns with nonspecific symptoms. UTI should be investigated in infants with late-onset sepsis and urinary tract anomalies.

More than 5 leukocytes per each high power field in centrifuged urine suggest infection. If bacteremia is present, ≥10 leukocytes may be found. Gemmiferous hyphae suggest systemic fungal infections. Nitrite and leukocyte esterase positivity are generally not significant. One should be careful in the interpretation of colony number in urine cultures obtained with a urine bag (the contamination rate is approximately 50%). The definite diagnosis is ideally made by growth of microorganism in a urine sample obtained by suprapubic aspiration (\>1000 cfu/mL) or gentle catheterization (\>10,000 cfu/mL). Renal ultrasonography (USG) should be performed in terms of urinary tract anomalies. Following treatment, voiding cystoureterography should be performed in terms of vesicoureteral reflux and DMSA should be performed in terms of development of scar.

Treatment is generally initiated with ampicillin and an aminoglycoside (e.g. gentamycin). Cephalexin, ceftriaxone or cefotaxime may also be used. The treatment period is 7-10 days and follow-up urine microscopic examination and culture are obtained at the end of treatment.

Omphalitis and funisitis {#sec1-17}
========================

Infection of the umbilical cord (funisits) and umbilical cord stump (omphalitis) is manifested with erythema and serous or purulent discharge in this region and in the surrounding area. It generally occurs due to S. aureus or *E. coli* or other Gram-negative bacteria ([@ref29]). Treatment should be initiated urgently because infection may spread to the portal vein and cause portal hypertension. Ampicillin and gentamycin treatment is initiated. Vancomycin and cephalosporins may be used according to the culture results. In addition, topical antibiotics including nitrafurazone and mupirocin may be used.

Osteomyelitis and septic arthritis {#sec1-18}
==================================

The incidence of osteomyelitis and septic arthritis has been reported as 0.12 per 1000 live births and 0.67 per 1000 neonatal intensive care presentations; the mortality rate has been reported as 7.3% ([@ref30]). Frequently, the causative agent is S. aureus or Gram-negative bacilli.

Systemic findings including fever, absence of sucking and hypoactivity are found in addition to local findings including tenderness, swelling, erythema, pain and difficulty in moving bones and joints. Leukocytosis, elevated CRP, and growth in culture of synovial aspirate or intraoperatively obtained material (30-50%) may be found. Enlargement of joint spaces and soft tissue swelling (on the third day) are observed on direct radiography. Changes in bone can be seen after the first week. Other imaging methods include USG, scintigraphy, computed tomography (CT), and magnetic resonance imaging (MRI).

In empiric treatment, an aminoglycoside (gentamycin/amikacin) or cefotaxime in association with vancomycin should be initiated. Piperacillin-tazobactam, meropenem are used in multiresistant Gram-negative bacilli infections. The treatment period is 4-6 weeks. Surgery should be performed if pus accumulation is present. Long-term follow-up is needed in terms of bone growth and joint movements ([@ref31]).

Catheter-related infections {#sec1-19}
===========================

The incidence of catheter-related infections has been reported as 2.5 per 1000 catheter days in infants below 750 g and 0.9 in those weighing over 2500 g in the USA ([@ref32]). The most common causative agent is coagulase-negative staphylococci (CNS) (28%). Other common causative agents include S. aureus (19%) and Candida species (13%) ([@ref33]). In infections that develop 48 hours after a catheter is placed or within 24 hours catheter removal, catheter-related infection should be considered if there is no other focus of infection. Growth of the same microorganism in cultures obtained from the catheter and peripheral vessel strengthens the diagnosis. Initiation of vancomycin and gentamycin/amikacin is recommended in empiric treatment. The treatment period is 10-14 days. Systemic treatment is not needed in patients who have catheter tip culture positivity not accompanied by clinical findings, simultaneous peripheral blood culture negativity, and phlebitis in the absence of systemic findings.

**Catheter placement**: Good hand hygiene in association with aseptic technique constitutes the first step in the protection against infections. All precautions related to sterility should be taken while placing a catheter (hat, mask, sterile gown, sterile gloves, and large sterile cloths). Materials should be prepared as kits. Check lists should be used. Use of antibiotics and antiseptic creams in catheter entry sites is not recommended.

**Catheter removal**: Catheters should be removed immediately in the event of growth of microorganisms in blood culture, except for CNS. In case of growth of CNS in blood culture, the catheter should be removed if repeated growth of CNS occurs or the patient's clinical findings are not stable or endocarditis or metastatic infection are found. Replacement of the catheter should be considered after the 3^rd^-7^th^ day of treatment and if follow-up cultures are negative.

**Catheter care**: Establishing a sterile area for the site of catheter, daily care of catheter entry site, cleaning with alcohol, avoiding use of multilumen catheters, and maintaining the integrity of catheter entry site are very important in terms of infection. Total parenteral fluid sets should be exchanged with 48-72-hour intervals and sets containing lipid should be exchanged every 24 hours.

**Catheter time**: An umbilical artery catheter dwell period longer than 7 days and a umblical vein catheter dwell period longer than 14 days increase the risk of sepsis significantly. There is no consensus in the issue of the period of use for peripheral central venous catheters; they may be used for longer than one month. There are studies suggesting that heparin administration prevents bacterial colonization and thrombosis. Covering with antibiotics or ethanol and routine use of antimicrobial-impregnated catheters and cloths with antibiotics are not recommended ([@ref34]-[@ref36]).

Fungal infections {#sec1-20}
=================

Fungi are the third most common causative agent responsible of late-onset neonatal infections. They affect 4-8% of VLBW infants and the mortality rate is 30% ([@ref37]). Candida albicans (C. albicans) is responsible of 45-55% of cases and non-albicans Candida species including C. parapsilosis, C. tropicalis, C. krusei, and C. glabrata are the other causative agents ([@ref38]). Thrombocytopenia, glucose intolerance, leukopenia or leukocytosis and CRP and PCT elevations may be found in addition to feeding intolerance, lethargy, apnea and fever. Meningitis, meningoencephalitis, endocarditis, endophthalmitis and renal involvement may be observed.

In the treatment of systemic candidiasis, amphotericin B deoxylate is the first-line treatment choice ([@ref39]). If renal failure, hypocalemia, bone marrow depression develop, treatment should be continued with liposomal amphotericin B or amphotericin B lipid complex. In recent years, use of micafungin among the echinocandins with its broad spectrum and tolerability has been included in treatment choices in the treatment of systemic candidiasis. In cases of central nervous system involvement, flucytosine should be added to amphotericin B, or fluconazole if it is not available. Lipid formulations of amphotericin B with poor renal penetration should not be used in the treatment of renal candidiasis. Although there is no consensus on the optimal treatment duration, treatment is continued at least for 14 days after culture becomes negative in most units. However, amphotericin B treatment is continued until the cumulative dose is 20-25 mg, especially in VLBW infants in some units. In cases of central nervous system involvement, treatment should be continued until CSF tests become normal, besides obtaining a negative culture result. If endocarditis is present, treatment should be continued for at least for 6 weeks.

Supportive treatments in neonatal infections {#sec1-21}
============================================

Vital signs, fluid and electrolyte balance, intake and output, blood glucose, blood gases, and renal and liver functions should be closely monitored in newborns with sepsis. Enteral or parenteral nutrition should be continued. Electrolyte and glucose levels should be kept within normal limits, appropriate fluid-electrolyte treatment should be administered, acidosis and hypovolemia should be prevented, and shock should be recognized early and inotropic agents in addition to fluid treatment should be administered. Hypoxia should be corrected and a ventilator should be used if respiratory failure develops. Anticonvulsive treatment should be administered if convulsions occur. Fresh frozen plasma, platelet or erythrocyte transfusions should be administered if disseminated intravascular coagulation is present. Corticosteroids should only be used in the presence of adrenal failure.

**Intravenous immunoglobulin (IVIG) treatment**: Studies have shown that use of IVIG and immunoglobulin M-rich IVIG in the treatment of confirmed or clinical sepsis does not decrease the mortality rate, the mortality rate at the age of two years or major disability rates. Therefore, use of IVIG is not recommended and new studies are not required ([@ref40]).

**Hematopoetic colony-stimulating factors and granulocyte transfusion treatment**: Use of hematopoetic colony-stimulating factors is not recommended because a clear benefit of use of these factors for granulocytes and granulocyte-macrophages has not been described ([@ref41]).

**Pentoxifylline treatment**: A meta-analysis of a small number of studies in which pentoxifylline, which is a phosphodiesterase inhibitor, was used as an immunomodulator showed that it might be used as supportive treatment in addition to antibiotic treatment in confirmed sepsis and Gram-negative sepsis in preterm infants. However, studies with a greater number of patients should be conducted ([@ref42]).

Prophylaxis for fungal infections {#sec1-22}
=================================

Intravenous fluconazole, oral nystatin, and IV amphotericin B have been used with the objective of prophylaxis in many studies. Fluconazole prophylaxis is one of the best choices in reducing the frequency of Candida infections ([@ref43]). Therefore, administration of fluconazole at a dosage of 3 mg/kg two times a week is recommended in extremely low birth weight infants (\<1000 g) in units in which the incidence of Candida is high (≥10%). Fluconazole prophylaxis administration is recommended every three days in the first two weeks, every other day between the 2^nd^ and 4^th^ weeks, and daily between the 4^th^ and 6^th^ weeks. It has been found that oral nystatin treatment decreases the frequency of invasive fungal infections ([@ref44]). Prophylaxis is continued for six week at a maximum or until requirement for intravenous access disappears.

Prevention of infections {#sec1-23}
========================

Precautions to be taken in delivery room {#sec1-24}
========================================

Hand washing must be performed meticulously.Gloves should be used during vaginal examination, placement of head electrodes, and instrumental delivery.Risk factors for group B streptococci should be evaluated and intrapartum antibiotic treatment should be initiated.

Precautions to be taken in neonatal unit {#sec1-25}
========================================

The key to decreasing infections related to healthcare is meticulous hand washing. All employees and visitors should wash their hands carefully before entering neonatal unit. Hands should be washed or alcohol-based disinfectant agents should be used each time before/after the infant is handled or after touching the surrounding working area.Respirator equipment should be cleaned and humidifying sterile water should be frequently exchanged.A different stethoscope should be available for each infant.Aseptic surgical techniques should be used during procedures including intubation, umbilical catheterization, peripheral central catheter placement, intravenous cannulation, intercostal catheter placement, and LP.Chlorhexidine is more efficient as an antiseptic agent compared with iodine.Fungal prophylaxis with fluconazole or nystatin may be used in ELBW infants in units in which the frequency of candidemia is high.Isolation techniques should be performed for infected infants.Overcrowding should be prevented and the unit's traffic should be minimized.Use of breastmilk should be increased because of the immunologic properties of breastmilk.There is evidence indicating that the use of lactoferrin and probiotics prevents the development of sepsis and reduces mortality ([@ref45], [@ref46]).

Rational antibiotic use in neonatal sepsis {#sec1-26}
==========================================

It has been reported that antibiotic resistance is the cause of deaths related to neonatal sepsis with a rate of approximately 30% worldwide, with a higher rate in low and moderate-income countries. In India, mortality related to antibiotic-resistant bacterial infections is the leading cause of neonatal deaths (58,000 neonatal deaths in 2013). The fact that antibiotic resistance is in the front row in neonatal deaths is a great problem, especially in developing countries for the time being. However, it is also an expected misfortune for developed countries. Antibiotics are the most commonly used drugs in neonatal intensive care units. Increased antibiotic resistance as a result of inappropriate antibiotic use is an inevitable outcome ([@ref47]).

As a result of antibiotic resistance, untreatable infections, increased morbidity and mortality, prolongation in hospitalization duration, spread of infections with multidrug resistance, and cost increase occur. An "Antibiotic Stewardship" program prepared by the Infectious Diseases Society of America, Pediatric Infectious Diseases Society, and the Society for Healthcare Epidemiology of America and accepted by APA was published in 2007 to reduce antibiotic resistance, to prevent spread of infections with multidrug resistance, and to reach a better outcome for patients ([@ref48]). However, there are very few publications related to the results of the application of this progam in newborns in whom antibiotics are used most commonly.

In all infants in whom antibiotic treatment has been initiated, rational antibiotic use should be fulfilled, especially by way of using accurate indications, appropriate antibiotics, appropriate dose and duration, and appropriate mode of administration. In a retrospective study, a 20% increase was found in the rate of NEC for each day of antibiotic use and a 3-fold increase was found when antibiotic treatment was used for longer than 10 days. In a study conducted with 365 VLBW infants in whom sepsis was not considered initially and antibiotic treatment was initiated because of the presence of risk factors, use of antibiotic treatment for longer than 5 days was found to be associated with an increased rate of late-onset sepsis, NEC, and mortality ([@ref49]). It should be kept in mind that antibiotic use influences the development of intestinal flora negatively and increases the risk of immune dysregulation, atopy, and asthma ([@ref50]).

Conclusively, pediatricians and neonatologists should be able to answer the following questions with scientific accuracy each time they initiate antibiotic treatment:

Why am I initiating antibiotic treatment? Is it necessary?Which drug, what for?Which dose, and how long?
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